: An immunoelectron microscopic study using a preembedding double
Introduction
The area postrema (AP) is a structure that contains many catecholaminergic2-5) and GABAergic neurons2, 6,7). We have examined the ultrastructure of the GABAergic neuron6) and its reciprocal synaptic relations to catecholaminergic neurons in the AP with an antibody against tyrosine hydroxylase (TH )1) . Because the TH-immunoreactive neurons include dopaminergic, noradrenergic and adrenergic neurons, the mechanism of action of noradrenaline is not the same as that of dopamine8) ; it is interesting to study further the synaptic relationship between the different types of catecholaminergic neurons with GABAergic neurons in the area postrema using a double immunoelectron microscopic method.
Materials and methods
The experimental procedure has been reported previously7,9-11 ) . Adult male Wistar rats Department of Anatomy, Showa University School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8555, Japan (210 to 240 g) were used to study the synaptic relationships between GABAergic neurons with dopamine-i3 -hydroxylase (DBH) (4 animals) and phenylethanolamine-N-methyltransferase (PNMT) (6 animals) neurons in the AP. Under sodium pentobarbital anesthesia (75 mg/kg b.w., i.p. ), the animals were perfused through the ascending aorta with 100 ml of 0.9 % saline followed by 300 ml of a fixative mixture containing 4 % paraformaldehyde and 0.2 % glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). After postfixing in 4 % paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) at 4 ßC for 2 h, the brain blocks containing the AP were cut into serial 40 p m thick coronal sections with a vibratome.
For the study of the synaptic relationships between GABAergic neurons and DBH neurons, the sections were treated with : (1) 5 % normal goat serum for 20 min ; (2) goat anti-rabbit DBH antiserum (Incstar Corp. Stillwater, U.S.A., Lot 874-7021), diluted 1 : 200 for 2 h at room temperature and overnight at 4ßC ; (3) biotinylated anti-mouse IgG for 1 h ; (4) peroxidase-conjugated ABC reagent for 1.5 h ; (5) 3, 3'-diaminobenzidine (DAB) in 0.05 M Tris-HC1 buffer and 0.005 % hydrogen peroxide for about 10 min ; (6) the silver-gold intensification (SGI) method10,12) which changes the brown-colored DAB reaction products to become black ; (7) immunostaining with rabbit anti-GABA antiserum (Incstar Corp. Stillwater, U.S.A. Lot. 8939036), diluted 1 : 1000 at room temperature for two days at 4ßC ; (8) goat anti-rabbit IgG for 1.5 h ; (9) rabbit peroxidase-antiperoxidase complex (PAP) for 2 h at room temperature ; (10) and again reacted with DAB. The sections were rinsed with 0.1 M phosphate buffer (pH 7.4) 3 times, 5 min each, after each of the above steps except after step (1) . Subsequently, the sections were postfixed with 1 % O sO4 in 0.1 M phosphate buffer (pH 7.4) for 1 h at 4 ßC, dehydrated in a graded ethanol series, and embedded in a mixture of Epon-Araldite. Some ultrathin sections were stained with lead citrate and uranyl acetate, while others were left unstained.
Sections were observed using a Hitachi H-7000 electron microscope.
In the study of the synaptic relationships between GABAergic and the PNMT-like immunoreactive (PNMT-LI) neurons, rabbit anti-PNMT antiserum (Incstar Corp. U.S.A. Lot. 8707021, diluted 1 : 1000) was combined with the anti-GABA antiserum.
The experimental protocol was the same as that used to study the synaptic relationships between GABAergic neurons and DBH-LI neurons.
Some of the sections were treated as controls ; no first antisera were used in the incubations.
Results
At the electron microscope level, the DAB-SGI reaction product appeared as highly electron-dense grains dispersed or clustered on almost all the organelles in the cytoplasm of the DBH-LI or PNMT-LI neuronal elements, although the mitochondria and nuclei were devoid of immunoreaction. The DBH-LI and the PNMT-LI somata frequently contained a large nucleus surrounded by a thin ring of cytoplasm (Fig. 1A) . The GABA-LI neuronal elements could be seen only with DAB-reaction products. The difference between the two immunostainings could be clearly identified. synaptic relationships with DBH-LI neurons, although the frequency was lower than the synapses between the GABAergic neurons and the TH-LI neurons1). Between the reciprocal synaptic relation, the DBH-LI neurons were predominantly presynaptic (Figs. 1, 2) . GABAergic neurons, with their large nuclei and very thin ring-like perikarya, often received synapses from DBH-LI axon terminals that had many small, clear round synaptic vesicles especially in the presynaptic membranes (Fig. 1) . The synapses between GABA-LI neuronal somata and DBH-LI axon terminals (Fig. 1) were usually symmetric. Sometimes GABA-LI somata also received synapses from GABA-LI axon terminals (Fig. IA) . DBH-LI axon terminals made many synapses on GABA-LI dendrites (Fig. 2) . Similar to the axo-somatic synapses, synapses of DBH-LI axon terminals on the GABA-LI dendrites were largely symmetrical (Figs. 2B, C) although a few asymmetrical synapses were also found ( Fig. 2A) .
Although infrequently, the GABAergic terminals were also found to establish synapses on DBH-LI dendrites (Fig. 3) . Such synapses were also found to be symmetric . We did not find any synapses between the GABAergic axon terminals and the DBH-LI neuronal perikarya in the present study.
The synaptic relationships between GABAergic and PNMT LI neurons
Synapses between GABAergic neurons and PNMT-LI neurons in the AP were rather few, although they could be found after a prolonged search. Similar to DBH-LI neurons, PNMT neurons also made reciprocal synapses with GABAergic neurons (Figs. 4, 5) . These synapses were symmetric, as observed between DBH-LI and GABAergic neurons. The frequency of synapses made by GABAergic axon terminals (Fig. 4) on the PNMT-LI dendrites seemed to be more frequent than the synapse made by PNMT-LI axon terminals (Fig. 5) on the GABA-LI dendrites although we could not determine this because the total quantity was low. In addition, dense-cored vesicles containing PNMT-LI axon terminals were scarcely found to establish synapses on GABAergic dendrites. The area postrema (AP) is one of the important neural structures involved in cardiovascular regulation [13] [14] [15] [16] . GABA neurons have been reported to be involved in cardiovascular function17,18) and even in the AP19). This effect may be caused through GABAA receptors19) because microinfusion of muscimol, a GABAA agonist , into the AP produces an increase in arterial blood pressure with no accompanying change in heart rate ; but microinjection of bicuculline, a GABAA antagonist, into the AP decreases both arterial pressure and heart rate. On the other hand, catecholaminergic neurons have been thought to be the neurons involved in the above function because all three catecholamines , including dopamine, noradrenaline and adrenaline-containing neurons in the A2 region , are significantly more abundant in spontaneously hypertensive than in normal rats20) . In a previous study1), we found that GABAergic neurons made reciprocal synaptic relations with catecholaminergic neurons in the AP using an antiserum against TH ; in addition, we found that the predominant synapses were made by GABAergic axon terminals on the TH positive neurons. In the present study, we also found reciprocal synaptic relationships between GABAergic neurons and two other catecholaminergic neurons .
The physiological significance remains to be further studied.
